2 based sward. Lambs were grazed (~50 days) on biodiverse or control pastures and 27 the effects on the FA composition of m. longissimus thoracis (lean and subcutaneous 28 fat) and m. semimembranosus (lean) were determined. Biodiverse pasture increased 29 18:2 n-6 and 18:3 n-3 contents of m. semimembranosus (+14.8 and +7.2 mg/100g 30 tissue respectively) and the subcutaneous fat of m. l. thoracis (+158 and +166 mg/100g 31 tissue respectively) relative to feeding a perennial ryegrass pasture. However, there 32 was no effect on total concentrations of saturated FA in the tissues studied. It was 33 concluded that enhancing biodiversity had a positive impact on muscle FA profile 34 reflected by increased levels of total PUFA. 35 36 Keywords: Biodiversity; multispecies swards; fatty acids; biohydrogenation; lamb 37 muscle 38 7 had been used to graze sheep and had received approximately 100 kg fertiliser 151 nitrogen/ha/year. The site was divided into ten plots (5 x 2 arrangement; each 60 m x 152 29 m) allocated in a paired block design to either the biodiverse or a control (no 153 additional species sown) treatment. Blocking was completed to account for potential 154 variation in background conditions. The biodiverse plots were power harrowed prior to 155 under-sowing at ~5 kg seed/ha, twice the recommended seed rate (DEFRA, 2004) . 156
The weight of each species within the seed mixture was as follows: birdsfoot trefoil (19 157 %), knapweed (24 %), ribwort plantain (32 %), red clover (13 %), selfheal (10 %) and 158 yarrow (2 %; Emorsgate Seeds, Norfolk, UK). These proportions were used so that the 159 same number of seeds per g was included of each species. Establishment of the six 160 'sown' species was completed using 0.75 and 0.25 of the total seed amount (5 kg) in 161 spring and autumn, respectively. Owing to poor establishment of the biodiverse 162 pastures a further ~5 kg seed/ha was applied in late autumn. After sowing the 163 biodiverse plots were rolled and then left undisturbed for at least six weeks. The control 164 pastures received 100 kg fertiliser nitrogen/ha in the first year but no additional fertiliser 165 was applied to the biodiverse pastures. 166 167 Immediately prior to the start of the grazing study in the following spring, both the 168 biodiverse and control plots were assessed for species richness as determined by the 169 number and abundance of different sown and unsown plant species, and assessment 170 of contribution to the overall biomass. This was achieved by estimating the number of 171 different species and percentage ground cover of vascular plant species in 12 172 randomly positioned 50 x 50 cm quadrats within each plot (areas within 1 m of the 173 fences were excluded from the sampling). Simultaneuosly, ten random samples per 174 plot were obtained by harvesting the above-ground plant matter that were pooled within8 plots, frozen (-20ºC) , freeze-dried and milled, and stored at -20ºC and subsequently 176 analysed for fatty acid analysis, as per the process described for whole plants in 177 Experiment 1. 178
179
Experimental animals and the grazing study. Fifty greyface mule x Texel castrated 180 male lambs from an early lambing flock were weaned in April of the grazing year and 181 given a forage-based diet until the start of the grazing study in mid-May. The lambs 182
were weighed prior to the study (mean weight ±SEM 26.8 kg ± 0.39), and five lambs 183 were randomly allocated to each plot to ensure a similar mean live-weight within each 184 plot and across the two treatments (26.8 and 26.7 and time by treatment interaction (including time as a repeated measurement), and 214 random effects of plot and lamb within plot. Pasture total lipid, FA content and species 215 richness were analysed using a two-way ANOVA, with fixed effects of treatment and 216 block. Tissue FA were analysed using the Mixed procedure of SAS with a model 217 including fixed effects of treatment, block, and treatment by block interaction. Results 218 were considered significantly different where P<0.05, and tendencies were reported 219 where P was between 0.05 and 0.1. 220
221

Results
222
Experiment 1 223
Of the six plant species, selfheal contained the highest amount of total FA, and ribwort 224 plantain the least (Table 1) . Yarrow was particularly high in 18:2 n-6, and Selfheal 225 10 contained the greatest quantity of 18:3 n-3 (Table 1 ). The effect of the six selected 226 plant species on in vitro flask contents of selected FA are reported in Table 2. There  227 were effects (P<0.001) of plant, time and plant by time interaction for all FA presented 228 in Table 2 There were differences (P<0.001) between plants for both 18:2 n-6 and 18:3 n-3, at 0 241 h incubation.Over time both decreased (P<0.001) but at different rates. According to 242 the disappearance curves, knapweed contained the highest amount of non-243 hydrogenatable 18:2 n-6, and selfheal the lowest (Table 3 ). The effective 244 disappearance of the hydrogenatable fraction was highest for yarrow, with yarrow and 245 knapweed containing the highest amount of rumen bypass 18:2 n-6. Selfheal 246 contained the highest amount of hydrogenatable 18:3 n-3, but had the lowest rate of 247 18:3 n-3 disappearance of all plants. Due to this the ruminal bypass 18:3 n-3 was 248 highest for selfheal. 249
Experiment 2 251
Pasture botanical composition and lamb performance. The number of different species 252 (both sown and unsown) was higher in the biodiverse than the control pastures when 253 expressed per quadrat (P<0.016) and per plot (P<0.019). However, birdsfoot trefoil 254
was not recorded in any of the biodiverse pastures. The mean contribution of the sown 255 and un-sown (non-grass species) plant species to the overall biomass was 25.4% in 256 the biodiverse pastures. This contribution was largely comprised of ribwort 257 plantain.The total lipid and FA composition of the conventional and biodiverse pastures 258 immediately prior to start of the lamb grazing study is presented in Table 4 (Table 5) . A lower (P<0.04) content of trans-11 18:1 was found in 281 m. semimembranosus from lambs grazing the biodiverse pasture (Table 5 ). At the 282 same time 18:2 n-6 and 18:3 n-3 concentrations were higher (both P<0.02), resulting 283 in a higher total n-3 and n-6 PUFA content in tissue from lambs grazing biodiverse 284 pasture. Block x treatment effects were recorded for a number of FA, mainly due to 285 some blocks having different mean values from the remaining blocks, which magnified 286 any subtle treatment differences. 287 288 Subcutaneous fat contained 47,261 and 46,723 mg total FA/100 g tissue from lambs 289 grazed control and biodiverse pastures respectively (Table 5 ). The content of trans-10 290 18:1, trans-12 18:1, 19:0, 18:2 cis-9, cis-12, 18:3 n-3, 20:3 n-6, 24:0/20:5 n-3, 22:5 n-291 3 and total n-3, n-6, and very long chain n-3 PUFA were all higher (P<0.05) in 292 subcutaneous fat from lambs grazed on biodiverse pasture compared with control 293 pasture (Supplementary table S3) . 294 295 Discussion 296
In vitro biohydrogenation 297
It has been suggested (Dewhurst et al., 2001 ) that the proportion of leaf in the whole 298 plant DM is an important determinant of FA concentration due to forage lipids being 299 predominantly of leaf origin (Harfoot, 1981) . Differences in leaf:stem ratios between 300 13 plant species may explain some of the differences in plant FA contents observed. The 301 in vitro biohydrogenation characteristics were similar for the six plant species studied. 302 Selfheal and birdsfoot trefoil displayed the greatest accumulation of 18:0 but these 303 plants contained the greatest initial amounts of total PUFA. Rate of disappearance of 304 18:2 n-6 was similar for all plants apart from knapweed (mean of plants excluding 305 knapweed, 0.12 mg/h, knapweed 0.09 mg/h). This may indicate that knapweed exerts 306 some other effect on rumen microbes and/or their enzymes, either by inhibiting the 307 initial lipolysis or biohydrogenation itself. Indeed, knapweed resulted in a lower 308 accumulation of both trans-11 18:1 and 18:0 which suggests less biohydrogenation. 309 Kumarasamy et al. (2003) found that serotonin conjugates extracted from the seeds of 310 knapweed had antimicrobial activity. These conjugates may also be present in other 311 fractions of knapweed and therefore conferring potential antimicrobial effects. did not increase at the same rate as that of selfheal. This may be due to birdsfoot trefoil 316 inhibiting the intermediary pathways of biohydrogenation, through, for example, the 317 presence of condensed tannins. After ingestion some condensed tannins from 318 birdsfoot trefoil remain free and unbound that may inhibit the extracellular enzyme 319 action of certain bacteria (Barry and Manley, 1986) . Min et al. (2002) found that 320 including birdsfoot trefoil in the diet of sheep decreased the population of the rumen 321 bacteria Butyrivibrio proteoclasticus, which is one of the few bacterial species that 322 conducts the final step of rumen biohydrogenation of 18:3 n-3 (converting trans-11 323 18:1 to 18:0). However, if condensed tannins affect bacterial biohydrogenation in this 324 way, no reduction in the initial rate of disappearance of both 18:2 n-6 and 18:3 n-3 was 325 14 observed in the present study. No estimate of the tannin content or that of other 326 polyphenols was completed in the present study but it is highlighted as an area of 327 future study. When a rumen passage rate of 0.03/h (rate at which small particles leave 328 the rumen of sheep) was applied, the amount of 18:3 n-3 by-passing hydrogenation 329 was numerically higher for selfheal and birdsfoot trefoil. However, this observation is 330 likely to reflect the higher initial concentration of 18:3 n-3 in these plants. 331 332 Compared with previous in vitro research, red clover did not appear to perform better 333 than other species in terms of effective disappearance and by-pass of 18:2 n-6 and 334
18:3 n-3. Van Ranst et al. (2013) reported lower lipolysis and biohydrogenation of 18:3 335 n-3 and 18:2 n-6 with silages containing increasing amounts of red clover, which may 336 have been due to the presence of polyphenol oxidase (PPO) within the red clover. In 337 the present study however, red clover was being compared not with ryegrass but with 338 other species which may have exerted similar biohydrogenation-inhibiting effects. An 339 in vivo study reported higher concentrations of 18:3 n-3 in rumen fluid following the 340 feeding of a 50:50 grass:red clover silage to lambs, compared with a 100% grass 341 silage, suggesting PPO as a possible reason (Campidonico et al., 2016) . However 342 there was no difference between the grass:red clover silage and grass:sainfoin silage 343 treatments, with sainfoin suggested as having a different mechanism of action for 344 inhibiting biohydrogenation. tissue. Subcutaneous fat from biodiverse treatment lambs contained higher amounts 410 of both 18:2 n-6 and 18:3 n-3 than control lambs, as well as a higher very long chain 411 n-3 FA. There is evidence to suggest that in ruminant animals, 18:2 n-6 is preferentially 412 deposited in phospholipids compared to 18:3 n-3 (De Smet et al., 2004) , which would 413 suggest a lower n-6:n-3 ratio in subcutaneous fat than the lean muscle tissues. 414
However in the present study the ratio of n-6:n-3 were similar for all the tissues studied. 415
416
Increasing human consumption of 18:3 n-3 has been suggested as a means of 417 increasing synthesis of very long chain (VLC) n-3 FA through tissue elongation and 418 desaturation. Burdge and Calder (2005) concluded that due to poor efficiency of 419 conversion, 18:3 n-3 appears to be a limited source of VLC n-3 FA in humans, and 420 consumption of preformed VLC n-3 FA is a more efficient means of attaining 421 recommended intake levels. The efficiency of conversion of 18:3 n-3 to VLC n-3 FA in 422 ruminant meat has not been measured, but increasing 18:3 n-3 consumption by 423 ruminants has lead to increased amounts of VLC n-3 FA in lean tissues (Scollan et al., 424 2001; Wachira et al., 2002) . In the present study, the only tissue to display an increase 425 18 in VLC n-3 FA when lambs grazed biodiverse pasture was subcutaneous fat, which is 426 likely to be consumed in variable amounts, according to consumer preference, 427 alongside muscle tissue. , where Pt is the amount (mg) of 18:2 n-6 or 18:3 n-3 present 584 in the flasks at time t, x is the non-hydrogenatable fraction (mg), y is the hydrogenatable 585 fraction (mg), z is the rate of disappearance of fraction y (/h), and t is incubation time (h; 586 Ørskov & McDonald, 1979) 587 3 R-squared value for the curve fit 588 4 ED -Effective disappearance (mg/g DM) of 18:2 n-6 or 18:3 n-3 using a ruminal rate of 589 passage (k) of 0.03 (Alcaide et al., 2000) 590 5 BP -Potential ruminal bypass (mg/g DM) of 18:2 n-6 or 18:3 n-3. 
